In particular, the NSQIP database has strict criteria for defining a specified set of frequent postsurgical complications. Data are derived from hundreds of US hospitals in a wide range of settings, from small rural community hospitals to major academic medical centers. In 2006, there were 121 participating sites, and in 2013, there are more than 400 sites. All major surgical procedures performed are identified using Current Procedural Terminology (CPT) codes, and the standardized set of variables is collected from either all cases for lowvolume hospitals or a sample group representing 20% of all cases performed for large-volume sites. The NSQIP utilizes trained raters to identify these complications directly from the medical records. The raters are frequently audited using test cases, and their data are ignored if they fail these auditing checks.
With the NSQIP data set, it is possible to determine the most frequent complications in neurological surgery. Identifying these complications will allow us to better distribute resources to prevent and mitigate the most costly and common adverse events in our patients. Moreover, understanding the type and frequency of complications in neurosurgery will allow us to better coordinate care with stakeholders-insurers, governmental institutions, and patients. In this study, we used the NSQIP database to examine trends and predictors of complications in neurosurgical patients.
Methods
Data for the years 2006 to 2011 were obtained from the ACS NSQIP database. Files were acquired in delimited text format and parsed using both SPSS version 20 (IBM Corp.) and Matlab R2012a (MathWorks Inc.). Neurosurgical cases were extracted by querying the data for which the primary surgeon's specialty was listed as "neurological surgery," and then each of the CPT codes was individually reviewed to determine whether the case was cranial or spinal (Table 1) .
Descriptive statistics are represented as the means ± standard deviation. Univariate statistics were calculated using the chi-square test, and 95% confidence intervals are presented for the resultant risk ratios. A multivariate model was constructed with the significant variables from univariate analysis (p < 0.05) using binary logistic regression with a maximum number of iterations of 20. Significant predictors from this model were identified, and their risk ratios were presented, along with the 95% confidence intervals. Data were plotted using Matlab.
Results
Records from 1,777,035 surgical cases were compiled. Neurosurgeons performed 38,396 of these cases. Characteristics of the neurosurgical patients are presented in Table 2 and are compared with those of general surgical patients to reveal the unique features of neurosurgical patients while highlighting the landscape of complications encountered. Of note, compared with nonneurosurgical patients, the neurosurgical patients were more likely to be male and white. African American patients had a RR of 0.75 (95% CI 0.72-0.78) of undergoing neurosurgery as opposed to any other surgery, and Asians/Pacific Islanders had an RR of 0.75 (95% CI 0.70-0.81).
As might be expected, neurosurgical cases were far more likely to involve inpatient procedures rather than outpatient (outpatient RR 0.31, 95% CI 0.30-0.32). However, neurosurgery was less likely to be done emergently compared with nonneurosurgical procedures (RR 0.46, 95% CI 0.44-0.48). Moreover, neurosurgical procedures were significantly longer than nonneurosurgical ones, both in terms of anesthesia time (76.9 minutes, p < 0.0001) and operative time (52.6 minutes, p < 0.0001). Neurosurgical patients also stayed on average 0.5 day longer than the other surgical patients (p < 0.0001).
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In neurosurgical patients alone, we evaluated the frequency of complications documented in the NSQIP database. Cases were split into spinal (28,017 cases) and cranial (10,041 cases) surgery groups, and complications were analyzed independently ( Cranial procedures were significantly more likely to produce complications than spinal procedures (RR 2.575, 95% CI 2.386-2.779), with 23.6% of cranial procedures leading to complications compared with 11.2% of spinal procedures. The most frequent complication in the neurosurgical procedures overall or in either spinal or cranial procedures alone was bleeding requiring a transfusion, which occurred in 4.5% of patients, and was more likely to occur in cranial than in spinal patients (RR 1.255, 95% CI 1.136-1.385). The second most common complication was reoperation within 30 days of the initial operation, and this occurred in 4.3% of neurosurgical patients overall and was more likely in cranial than in spinal patients (RR 2.11, 95% CI 2.01-2.22). The third most common complication was failure to wean from mechanical ventilation for more than 48 hours postoperatively, which occurred in 2.5% of neurosurgical patients. In fact, all complications except 5 were more likely in cranial procedures than in spinal ones. Of these 5, there was no significant difference in 4 and only 1 in which spinal procedures were significantly more likely to generate a complication: superficial surgical site infection (cranial RR 0.67, 95% CI 0.52-0.86). The 5 nonsignificantly different complications were wound dehiscence, deep surgical site infection, peripheral nerve injury, and graft, prosthesis, or flap failure.
Using univariate analysis, we examined potential patient predictors that might be associated with the occurrence of a complication (Table 4 ). Many of these factors showed a significant association with complications. For example, African Americans were 1.51 times more likely to experience a complication than whites, and Asians/ Pacific Islanders were 1.58 times more likely. Complications were also more likely to occur in inpatients (RR 4.95, 95% CI 4.28-5.73), patients with diabetes (RR 1.39, 95% CI 1.31-1.48), emergent cases (RR 3.83, 95% CI 3.64-4.04), and frequent users of alcohol (RR 1.36, 95% CI 1.20-1.54). Altogether, 34 characteristics were significantly associated with complications on univariate analysis.
Using the predictors identified with univariate analysis, we then constructed a model using binary logistic regression to control for confounding. This analysis identified 15 significant predictors (Table 5 ). African American race continued to be a significant risk factor for developing complications (RR 1.24, 95% CI 1.10-1.41), whereas American Indian or Native Alaskan race continued to be protective (RR 0.53, 95% CI 0.28-0.98). However, Asian or Pacific Islander race was no longer a significant risk factor.
Many risk factors continued to be significantly associated with complications, such as diabetes, prior stroke, open wound, chronic steroid use, presurgical sepsis, and the need for a preoperative transfusion with > 4 units of red blood cells (Table 5) . Cranial procedures still produced more complications than spinal procedures (RR 1.41, 95% 1.27-1.56), despite controlling for patient comorbidities. 
Discussion
Minimizing surgical complications has been a goal in neurosurgery ever since Harvey Cushing began rigorously documenting his own surgical errors more than a century ago. 12 However, understanding and mitigating complications has taken on renewed importance in the era of "pay for performance" and governmental and insurance reimbursement metrics. 5, 6, 15, 20, 22 Therefore, we sought to describe the current state of complications in neurological surgery, to provide data to help understand how new regulations should be applied, and, of course, to better target interventions to improve patient well-being.
Complications occurred in 14.3% of neurosurgical cases. The most frequent complications, in either cranial or spinal operations, were blood loss requiring transfusion and reoperation within 30 days, followed, somewhat surprisingly, by failure to wean from mechanical ventilation for > 48 hours postoperatively, which occurred in 7.6% of cranial cases and 0.7% of spinal cases. This latter complication deserves note because, in our experience, it is seldom explicitly discussed with patients preoperatively, even though empirically it is one of the most frequent complications. The reasons for the high prevalence of this complication deserve more study.
Overall, complications were far more likely to occur in cranial procedures than in spinal ones (23.6% cranial vs 11.2% spinal). Even when accounting for other patient risk factors, cranial procedures were still 1.41 times more likely to involve complications than spinal procedures (95% CI 1.27-1.56). The source of this discrepancy is unclear from the data captured within the NSQIP data set. It should be stressed, however, that the NSQIP is only an incomplete reflection of patient characteristics. The nature of diseases bringing one to cranial neurosurgery (for example, glioma, hydrocephalus) are far different from those for spine surgery (for example, herniated intervertebral discs, spinal instability), and additional data on patient characteristics and risk factors not present in the NSQIP database could contribute to the observed difference in complication frequencies.
Many of the predictors of complications were expected and are traditionally considered as high-risk comorbidities from a pathophysiological standpoint (for ex- ample, presurgical sepsis, prior stroke, diabetes). Others were somewhat harder to explain. For example, African Americans are significantly more likely to experience complications than whites, with an RR of 1.24 (95% CI 1.10-1.41). This racial/ethnic disparity in surgical complication rates has been described across multiple surgical disciplines; however, the exact source of this bias is unknown. 3, 7, 14, 18, 21 Although many comorbid conditions were controlled for in our multivariate model, it is possible that some untracked characteristics in African Americans make them more vulnerable to complications (for example, disease type or severity) or that socioeconomic factors (for example, access to care) are leading to more complications. In either case, we must seek the cause of this disparity to improve the health of our patients.
Several limitations to our study are worth noting. The NSQIP database is a well-curated set of records in which trained analysts enter every complication using strict criteria. Nonetheless, it has several inherent limitations, especially as regards neurosurgical patients. First, the 30-day analysis of complications that is standardized across all sites from which data are gathered is a major strength of the NSQIP database; however, a number of complications unique to the neurosurgical population may not be accurately represented. For example, delayed hemorrhage from an incompletely treated vascular malformation would not be recorded, and there would be no distinction between a postoperative neurological deficit that is permanent versus one that resolves over time. Tracked complications are, by necessity, general and cover a wide range of categories: incision related (both infection and dehiscence), pulmonary (pneumonia, failure to wean from ventilator, and so forth), urinary tract infections, strokes, cardiac arrest or myocardial infarction, renal failure, bleeding, peripheral nerve injury, deep venous thrombosis or pulmonary embolism, sepsis, and reoperation. The NSQIP data set is used by many surgical disciplines, and complications unique to neurosurgery and related disciplines are irrelevant to the majority of the database's users (for example, CSF leaks, pseudomeningoceles). Similarly, counting complications by using broad measures may not reflect the nuances encountered in neurosurgical care. For example, rates of failure to wean from a ventilator within 48 hours probably included patients with planned postoperative mechanical ventilation to manage seizures or to control intracranial pressure. In addition, preoperative morbidity variables are similarly generalized and broad. The categories include race, sex, history of tobacco or alcohol use, history of bleeding disorders, transfusions, chemo-or radiotherapy, sepsis, diabetes, disseminated malignancy, and a host of common pulmonary, cardiac, and renal conditions. Variables more relevant to neurosurgery included an altered mental status, history of stroke or transient ischemic attack, paralysis (hemiplegia, paraplegia, quadriplegia), or a CNS tumor. However, the presence of a CNS tumor is a "yes/ no" field in the NSQIP database, which ignores distinctions between benign tumors such as meningiomas versus aggressive tumors such as glioblastomas. The database could have even greater value for the neurosurgical community if it included complications that are unique to, but represent a significant burden, to neurosurgical patients, such as postoperative seizures or meningitis. In the same regard, to facilitate more refined risk adjustment in the neurosurgical population, we must collect risk adjustment variables long suspected to be predictors of complications in neurosurgery such as history of prior craniotomies or cranial/spinal radiation or radiosurgery. These issues highlight the need for neurosurgeryspecific databases, which will track relevant complications and comorbidities. Some exciting progress has been made on such databases, particularly with the development of the National Neurosurgery Quality and Outcomes Database (N 2 QOD), sponsored by the NeuroPoint Alliance and managed by Vanderbilt's Institute for Medicine and Public Health.
1,2,13 Neurosurgery-specific databases will go a long way in addressing these concerns, and current efforts to prospectively collect neurosurgeryspecific data are important steps toward optimizing the care of patients.
Conclusions
Complications endanger patients and deplete scarce health care resources. To defend against complications, we attempted, first, to understand their prevalence and, second, to identify factors predictive of their occurrence. Analyzing data from more than 38,000 neurosurgical patients in the NSQIP database, we found that the most frequent complications were blood loss requiring transfusion and reoperation within 30 days, followed by failure to wean from mechanical ventilation postoperatively. We also found that complications were more frequent in cranial than in spinal procedures and more likely to occur in African Americans than in whites. The sources of these disparities remain to be determined, and further research with particular attention to complications unique to neurosurgery is clearly necessary. Once we define the most costly and harmful complications, we can begin to rationally direct our quality improvement efforts.
